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ABSTRACT
The composite spectra of quasars are widely used as templates for redshift determi-
nation, as well as for measurements of the mean transmission in Lyα-forest studies,
and for investigation of general spectral properties of quasars. Possibility of composite
spectra utilisation in these fields is related to remarkable similarity of quasar spectra
in UV-optical range. But despite of general similarity in spectral shapes, they differ
in several parameters, one of which is the spectral index. In the present paper we
study the possible effects, related to neglect of this difference. We compiled 16 com-
posite spectra from subsamples of individual SDSS DR7 quasar spectra with different
spectral indices αλ within the wavelength range 1270–1480A˚, and show that (i) the
redshifts measured for a test sample of high signal-to-noise ratio quasar spectra using
these composites as templates appear to be systematically higher than those calcu-
lated with a traditional template, compiled from spectra with different αλ, with 1.5
times smaller errors in the former case; (ii) the difference in αλ in individual spectra
used for compilation of composites can yield the mean transmission uncertainty up
to 20%; (iii) a number of emission lines indistinguishable in ordinary composites, but
seen in individual high-resolution spectra, can be detected in such composites. It is
also shown, that there is no dependence of αλ on quasar luminosity in SDSS u, g, r
and i bands, and monochromatic luminosity at 1450 A˚.
Key words: quasars: emission lines — quasars: general
1 INTRODUCTION
The spectral properties of quasars in ultraviolet-optical
range have been a subject of a number of studies. The
smooth part (continuum) of this UV bump, called the
“Big Blue Bump”, is traditionally considered to be thermal
emission from an accretion disk, while the emission lines
are attributed to this emission reprocessed in surrounding
clumped gas in a form of broad and narrow line regions
(BLR and NLR) as well as in a dust obscured torus, but
many details of this paradigm are still purely understood,
as well as the nature of broad absorption lines (BAL), pos-
sessed by about 10% of quasars. Thus, on the one hand,
the detailed study of the quasar spectra plays an important
role in understanding of the quasar nature. On the other
hand, the accurate quasar spectrum shape, which does not
⋆ E-mail: g.ivashchenko@gmail.com
† E-mail: olka@astro.franko.lviv.ua
‡ E-mail: el.torbaniuk@gmail.com
vary significantly from one object to another, is needed as
a template for quasar redshift measurements in large red-
shift surveys. Finally, the precise knowledge of the intrinsic
quasar spectrum shape, prior to absorption in intergalactic
medium, is required for studying the intergalactic gas, man-
ifested as absorption features in the quasar spectra, first of
all as the Hydrogen Lyα-forest.
In all of the fields, mentioned above the composite
(mean) spectra are widely used. The possibility of their
utilisation is related to the fact that quasar spectra are re-
markably similar from one object to another. Due to their
high signal-to-noise ratio composite spectra reveal weak fea-
tures that are rarely detectable in individual quasar spec-
tra. The composite spectra were compiled for a wide set
of quasar samples, e. g. the Large Bright Quasar Survey
(LBQS) (Francis et al. 1991), the First Bright Quasar Sur-
vey (FBQS) (Brotherton et al. 2001), the Sloan Digital Sky
Survey (SDSS) (Vanden Berk et al. 2001; Pieri et al. 2010),
quasar spectra from the Hubble Space Telescope (HST)
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(Zheng et al. 1997; Telfer et al. 2002), and Far Ultraviolet
Spectroscopic Explorer (FUSE) (Scott et al. 2004).
The part of UV-optical quasar spectrum redward of
the Lyα (1215.67 A˚) emission line (free of hydrogen Lyman-
series forests of absorption lines) is studied quite well. As it
was shown e. g. by Vanden Berk et al. (2001) this region up
to ≈ 5000A˚ is described with a smooth continuum, well ap-
proximated with a power law ∼ λαλ over some limited wave-
length range, broad emission and, in some cases, absorption
lines. Vanden Berk et al. (2001) reported on αλ to be −1.54
within 1350–4230 A˚, that agrees well with the values −1.54
and −1.68 which were obtained by Brotherton et al. (2001)
within 1450–5050 A˚ for spectra from LBQS and FBQS re-
spectively, and also with the results of Carballo et al. (1999),
who obtained the values −1.34±0.15 and −2.11±0.16 within
1300–3000 A˚ and 3000–4500 A˚ ranges respectively for a sam-
ple of radio-loud quasars. Throughout this paper the indi-
cated wavelengths are rest-frame ones, unless other is spec-
ified. The most complete to-date list of emission lines red-
ward of the Lyα emission line found in quasar composite can
be found in Vanden Berk et al. 2001. Some statistical stud-
ies were also conducted with samples of individual spectra,
e. g. Tang et al. (2012) studied the strong UV and optical
emission line properties using a sample of 85 bright quasars.
The part of the spectrum blueward of the Lyα emission
line, used for the Lyα-forest studies, is much worse investi-
gated due to the presence of the Lyman series forests. Direct
reconstruction of intrinsic quasar spectral shape in this re-
gion is possible only for high resolution spectra, the number
of which is not large, that does not allow to conduct sta-
tistical studies of the subsamples with different character-
istics, e. g. luminosity. Several-parametric modelling of the
continuum level within the Lyα forest region suffers from
the degeneration between the mean transmission and pa-
rameters of lines and continuum, that is why extrapolation
of the continuum from the red part of spectrum seems to
be more reliable in some cases (see e. g., Press et al. 1993;
Bernardi et al. 2003; Desjacques et al. 2007; Polinovskyi
2010; Songaila 2004). But in practice it is only an approxi-
mation of the real continuum, because the centre of the “Big
Blue Bump” is located at ≈ 1000 − 1300 A˚. This is con-
firmed by the values of αλ obtained from HST and FUSE
spectra, −1.01 ± 0.05 within 1050–2020 A˚ (Zheng et al.
1997), −0.24 ± 0.12 within 500–1200 A˚ (Telfer et al. 2002),
−1.44+0.38
−0.28 within 630–1155 A˚ (Scott et al. 2004), when
comparing with the same values for longer wavelengths men-
tioned above. Due to lower signal-to-noise ratio in the Ly-
man series forests region detection of emission lines is more
complicated here. For example, Vanden Berk et al. (2001)
listed only three emission features between Lyα and Lyβ
(1025.72 A˚) with large uncertainties in the central wave-
length. The other studies of composites and individual
spectra have not enlarged significantly their number. In
Table 3 we tried to summarise the known emission fea-
tures, found in optical (Francis et al. 1991; Brotherton et al.
2001; Vanden Berk et al. 2001; Tytler et al. 2004) and UV
(Zheng et al. 1997; Telfer et al. 2002; Scott et al. 2004) com-
posites, and in some individual spectra (Brotherton et al.
1994; Laor et al. 1994, 1995, 1997; Vestergaard & Wilkes
2001; Leighly et al. 2007; Binette & Krongold 2008), within
the range of ∼ 1025 − 1450 A˚ (between the Lyβ and Civ
lines), used for studies in the present work.
The spectral properties of quasars described above can
be considered only as some generalised ones, because de-
spite of general similarity in spectral shapes, they differ
in spectral index (also called spectral slope), intensity of
continuum and emission lines, lines’ equivalent widths, etc.
Some of these parameters are found to have some depen-
dence on each other, e. g., the inverse correlation of equiv-
alent width of some emission lines on monochromatic flux
in UV region, known as the Baldwin effect (Baldwin 1977).
Therefore, compilation of composite spectra from subsam-
ples with similar properties (e. g., with similar luminosity)
is of interest for studying these properties and there relation
to other parameters. E. g., Richards et al. (2011) studied
the Baldwin effect constructing composite spectra of quasar
subsamples, chosen on the base of Civ (1549 A˚) emission-
line properties (equivalent width and blueshift). They also
found, that the mean blueshift of Civ line is approximately
twice larger for radio-quite quasars, than that of radio-loud
ones. Reichard et al. (2003) studied the spectral properties
of Broad Absorption Line (BAL) quasars, compiling com-
posites from subsamples with different ionization levels of
BALs, and found that there are substantial differences in
the emission-line and continuum properties of high- and low-
ionization BAL quasars, which, in their opinion, can be re-
lated to intrinsic quasar properties such as the continuum
spectral index. Also using the composite spectra, Yip et al.
(2004); Vanden Berk et al. (2004) studied the spectral prop-
erties of quasars depending on luminosity and redshift, and
concluded that aside from the Baldwin effect the average
spectral properties are similar, e. g. the quasars with differ-
ent luminosity have similar spectral index.
In the present paper we use the composite spectra com-
piled for subsamples of spectra with similar spectral index
and study the possible effects, related to neglect of the dif-
ference in this parameter.
The data used in this work, the sample selection and
the composite spectra compilation processes are described
in Section 2. The difference in redshift measurements made
with the obtained composite spectra as templates compared
to that with the SDSS quasar template is studied in Sec-
tion 3. Section 4 gives an estimation of errors introduced
into the Lyα forest mean transmission measurement by ne-
glect the difference in αλ when using the composite spectra
for such studies. In Section 5 we present the results of our
search for emission lines in our composites. Conclusions are
presented in Section 6.
2 DATA
2.1 The SDSS DR7 quasar sample
Our sample is taken from the public available release
of the sky-residual subtracted spectra for the Sloan Digi-
tal Sky Survey (SDSS) Legacy Release 7 (Abazajian et al.
2009). This release (‘WH sample’ hereafter), which is de-
scribed in Wild & Hewett (2010), contains a total of 106 006
spectra, generated using the Wild & Hewett (2005) scheme
from the spectra of the objects from the Schneider et al.
(2010) quasar catalogue. This scheme includes a significantly
improved technique of the OH sky lines subtraction. The
strong OH sky emission lines extend over almost half of the
c© 0000 RAS, MNRAS 000, 1–20
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Figure 1. Redshift distribution of all objects from the HW sam-
ple with 2.3 < z < 4.6 and redshift determination confidence level
> 0.9 (dash-dot), all visually selected (dotted) for the present
study and those with the rms of the normalization constant A
less than 15% (solid).
wavelength range (> 6700 A˚) of the SDSS spectra and is
not subtracted optimally enough with the previous SDSS
pipelines.
The redshifts in SDSS are measured mainly with the
help of two techniques — emission line measurements and
cross-correlation, or one of them. The errors of redshift (due
to intrinsic line shifts etc.) could affect the results of our
study hence we tried to minimize their influence using the
improved redshifts of the objects from the Schneider et al.
(2010) quasar catalogue, which was generated using the
Hewett & Wild (2010) scheme, instead of redshifts in the
headers of each fits-file. According to Hewett & Wild (2010),
their redshifts possess systematic biases, which are for a fac-
tor of 20 smaller compared to the SDSS redshift values.
2.2 Spectra selection
All the quasar spectra (15 154 objects) from the HW
sample with redshifts within the range 2.3−4.6 and redshift
determination confidence level > 0.9 were firstly selected.
Because the SDSS is an automatic survey there is a possi-
bility of pollution of the sample with ‘wrong’ objects whose
general photometry or spectroscopy properties required by
the automatic selection pipelines are similar to the ones of
‘real’ objects. Thus a visual examination was carried out.
Except the non-quasar spectra the spectra of quasars with
low signal-to-noise ratio, spectra of BAL quasars and those
with the Damped Lyα (DLA) systems were also excluded
during this examination. The presence of the BAL quasars
in the sample could introduce additional errors into an esti-
mation of the quasar mean continuum level. The DLA sys-
tems are a class of quasar absorbers selected for the presence
of H i column densities > 2 ·1020 cm−2 (see e. g. Wolfe et al.
(2005) for review). They are identified as absorption features
with the rest equivalent width exceeding 5 A˚. The nature of
these systems is still not understood, however due to their
high density they are usually related to the galaxy forma-
tion and therefore could not be used as representatives of the
linear perturbations in the neutral intergalactic medium.
After the visual examination the sample contains
4 779 spectra. Redshift distributions of these objects and all
the objects initially selected from HW sample are presented
in Figure 1 (dash-dot and dotted correspondingly).
Figure 2. The distribution of spectral indices.
2.3 Subsamples and composites
Generating composite spectra of quasars includes three
steps: (i) normalization of each spectrum, (ii) setting each
spectrum to the rest frame and (iii) calculation of the mean
spectrum. Before we smoothed all spectra with a simple
moving average over 3 points. Following McDonald et al.
(2006) we removed the following wavelength regions from
our analysis because of calibration problems due to strong
sky lines: 5575A˚ < λ < 5583A˚, 5888A˚ < λ < 5895A˚,
6296A˚ < λ < 6308A˚, and 6862A˚ < λ < 6871A˚,
where the second region is 1A˚ wider than that presented
in McDonald et al. (2006), because we added also Nai
(5894.6 A˚) interstellar line to it. Normalization of each spec-
trum is needed to be applied due to different apparent flux
densities. Taking into account the similarity of quasar spec-
tra and following Press et al. (1993) and Zheng et al. (1997)
we normalize each spectrum on the (arithmetic) mean flux
in all pixels within the rest wavelength range 1450–1470 A˚.
This range lies blueward from the Civ emission line and
is usually considered to be free of obvious emission and ab-
sorption. The last claim appears to be not precise because of
weak emission lines, which can be seen in composite spectra,
but we neglect this fact, because intensity of these lines is
comparable to noise level in individual spectra. For further
study to reduce possible uncertainties we used only spectra
with the rms of the normalization constant A less than 15%;
the number of them is 3 493 and its redshift distribution is
shown in Figure 1 (solid line).
Considering the continuum redward of Lyα emission
line to be a power-law ∼ λαλ , we calculated its index αλ
for each individual spectrum within the range between Lyα
and Civ emission lines. For this purpose we selected the fol-
lowing wavelength ranges from the composite spectrum com-
piled from all the spectra: 1278−1286 A˚A˚, 1320−1326 A˚A˚,
1345−1360 A˚A˚ and 1440−1480 A˚A˚. The distribution of the
obtained indices is shown in Figure 2.
Using the obtained values of αλ, we selected 16 subsam-
ples each of 200 spectra with αλ closest to −0.7 − k · 0.1,
k = 0..15. Then dividing each j-th selected spectrum onto its
normalization constant Aj , rebinning them with ∆λrest =
2 A˚ and stacking the spectra into the rest frame, we obtained
the mean arithmetic composite spectra. The dispersion σ2
of each pixel of the composite spectrum was calculated from
the noises σi of pixels of individual spectra constituting it.
These spectra within 1025–1650 A˚ are shown in Figure 3.
The dashed lines indicate the laboratory wavelengths of the
lines identified by Vanden Berk et al. (2001) in this range.
c© 0000 RAS, MNRAS 000, 1–20
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Figure 3. Composite spectra of 16 subsamples within 1025–1650 A˚. The highest spectrum has the
steepest continuum redward of the Lyα emission line.
Figure 4. The parts of the composite spectra used for contin-
uum approximation (short-dashed line). The highest spectra are
the steepest ones. Spectra with indices −0.91, −1.62 and −2.14
are shown with the solid lines along with the fitted power-law
continua (dashed lines).
2.4 Properties of subsamples
The first row of Table 1 contains the spectral indices
of obtained composite spectra. In this case they were cal-
culated in the way mentioned above, but the parts of the
spectra which are the most free from emission lines were se-
lected manually in each spectrum. The part of spectra used
for αλ determination is shown in Figure 4. The regions se-
lected for continuum fitting slightly vary from spectrum to
spectrum and not all four parts used in calculation of indices
of the individual spectra were taken into account in the case
of composite spectra. This is clearly seen on example of the
region with the shortest wavelengths: with the steepening of
the spectrum its centre moves from ∼ 1280 A˚ to ∼ 1290 A˚.
It means that determination of the spectral index using the
same regions as it was done for individual spectra is only
an approximation, but it is sufficient for rough separation of
spectra for compilation of composites.
The second row of Table 1 contains the mean redshift
of each subsample. It is seen, that the mean redshift slightly
increases with αλ, that might be an evidence for redshift
evolution of the quasar spectral shape. On the other hand,
the absence of such evolution in Fig. 6 for the whole sample
Table 1. The mean redshift z¯ and the mean monochromatic
luminosity 〈log l1450〉 of subsamples and the spectral indices
αλ of their composites. The quoted error bars of 〈log l1450〉 and
z¯ are the root mean squares for corresponding distributions.
n αλ z¯ 〈log l1450〉
1 −0.91± 0.03 2.90± 0.54 42.70± 0.21
2 −0.97± 0.02 2.89± 0.53 42.72± 0.21
3 −1.02± 0.01 2.87± 0.51 42.72± 0.21
4 −1.04± 0.05 2.85± 0.49 42.72± 0.24
5 −1.19± 0.07 2.82± 0.43 42.73± 0.24
6 −1.35± 0.13 2.84± 0.49 42.74± 0.21
7 −1.42± 0.05 2.82± 0.44 42.76± 0.23
8 −1.42± 0.02 2.76± 0.40 42.78± 0.21
9 −1.62± 0.14 2.77± 0.44 42.78± 0.21
10 −1.64± 0.15 2.80± 0.46 42.79± 0.27
11 −1.73± 0.09 2.75± 0.45 42.78± 0.25
12 −1.88± 0.07 2.75± 0.43 42.78± 0.22
13 −1.92± 0.11 2.74± 0.43 42.77± 0.24
14 −2.02± 0.05 2.72± 0.42 42.74± 0.23
15 −2.07± 0.07 2.74± 0.42 42.74± 0.23
16 −2.14± 0.05 2.74± 0.43 42.75± 0.24
of 3 493 quasars means, that increase of the mean redshift
for subsamples is probably a result of some selection effect.
To study any optical-UV luminosity dependence of the
spectral index we plotted αλ –M diagrams for absolute
magnitudes M in u (3551 A˚), g (4686 A˚), r (6165 A˚), i
(7481 A˚) bands (Fig. 5). These magnitudes were calculated
within the frame of the flat ΛCDM cosmological model with
H0 = 70 km/s/Mpc, ΩM = 0.3, using the apparent psf
magnitudes and reddening in corresponding bands from the
SDSS DR7, K-correction values from Richards et al. (2006)
and correction for Galactic extinction from Schlegel et al.
(1998). As one can see from Fig. 5 there is no dependence
between the spectral index and absolute magnitudes in these
bands, however even the u-band central wavelength is about
2000 A˚ far from the bump peak, thus all these magnitudes
are not a good characteristics in case of the UV-bump lu-
minosity. Hence we also plotted the αλ – log l1450 diagram,
c© 0000 RAS, MNRAS 000, 1–20
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Figure 5. Spectral index (αλ) – absolute magnitude (M) diagrams for u, g, r, i-bands.
Figure 6. Redshift distribution of spectral indices.
Figure 7. Spectral index (αλ) – logarithm of monochromatic
luminosity (log l1450) diagram.
where log l1450 is the monochromatic luminosity at 1450A˚,
calculated from the mean flux within the wavelength range
of 1449 − 1451 A˚. Generally speaking this range is also not
the best choice, but this one is the most free of obvious emis-
sion and absorption features, thus it should be the most ap-
propriate characteristics the quasar luminosity in continuum
within the bump. Any dependence of αλ on monochromatic
luminosity at 1450 A˚ can be seen from Fig. 7, as well as from
its mean values listed in the third row of Table 1.
3 TEMPLATES FOR REDSHIFT
MEASUREMENT
3.1 General notes
The precise redshift measurement for quasars is a
challenging problem, because unlike normal galaxies they
do not have narrow emission lines, except well-known
[Oiii] (5007 A˚), which is used for redshift calibration for
quasars with z ≈ 0.05 − 0.85 (e. g. Vanden Berk et al.
2001). All other emission lines are usually broad and
blended, and the rest wavelengths for high-ionization lines
are known to be systematically blueshifted compared to
low-ionization lines (see e. g. Gaskell 1982; Tytler & Fan
1992; Richards et al. 2002; Shen et al. 2007). Thus the
redshift measured with the help of some given emission
line appears to be lower or higher than that measured
with another line. The discrepancy is about several hun-
dreds km/s, which, for example, is of the same order as
the estimations of quasar pairwise velocities measured via
redshift-space distortions (Outram et al. 2001; Croom et al.
2005; da Aˆngela et al. 2005, 2008; Mountrichas et al. 2009;
Ivashchenko et al. 2010). Actually, the value, estimated from
redshift-space distortions, namely from the ‘Finger of God’
effect, is a superposition of the pairwise velocity and the red-
shift errors. Hence, the more accurate the redshifts measure-
ment we have the more precise pairwise velocity estimation
we can do.
But in addition to the blueshifting of high-ionization
lines (this effect is well studied and can be taken into ac-
count somehow) the other systematic effects can contribute
to the redshift errors, e. g. the fact that the only one template
used for redshift calculation via cross-correlation technique
is usually the composite spectrum stacked from a large num-
ber of single spectra without any separation by luminosity,
spectral index, line equivalent width etc. But, as it was men-
tioned in Sec. 1, these differences could be significant, and
hence the use of only one ‘averaged’ template for all types
of quasar spectra could introduce additional uncertainties
into the redshift measurements. Therefore, we tried to esti-
mate, whether one can do better with redshift uncertainties
using our composite spectra, generated with separation by
spectral index, as templates.
3.2 The test sample and SDSS template
We selected by eye a test sample of spectra from our full
sample of 3 493 objects. These spectra are those of the most
c© 0000 RAS, MNRAS 000, 1–20
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Figure 8. Left to right: the difference between redshifts measured with our composites (z1) and the SDSS template (z2) as a function
of z; ratio of the lower 1σ marginalized uncertainties of z2 to those of z1; the same ratio for upper uncertainties.
luminous objects, they have the highest signal-to-noise ratio
and contain the smallest possible number of unwanted pecu-
liarities, which can influence the redshift measurement with
the rough procedure described below (Sec. 3.3), like strong
telluric lines not extracted properly with SDSS pipelines.
The redshifts of these objects, listed in HW catalogue, lie
within the range of 2.3 − 3.5, the arithmetic mean of their
redshift errors from HW catalogue is 0.002, that is twice
smaller than that of all objects with the same redshift range
in the catalogue. We selected only the spectra with the in-
dex values within the range from −2.2 to −0.8 to match the
index range of our composites. The final number of spectra
in the test sample is 208.
As a comparison template we have chosen the
Vanden Berk et al. (2001) composite spectrum, which is
used as cross-correlation template for redshift measurements
in the SDSS1. It is compiled from a sample of 2204 quasar
spectra from the Early Data Release of the SDSS. The sam-
ple covers a redshift range of 0.044−4.789 and has a median
redshift of z¯ = 1.253. The spectral index of this composite
(within the range of 1350− 4230 A˚) is αλ = −1.54.
It is worth to note, that our composites differ from that
of Vanden Berk et al. (2001) not only in spectral index dis-
cretization, but also in the mean redshifts of the samples,
which is about 2.8 for our ones. The reason for this difference
is our intention to use selected sample for Lyα-forest study,
while Vanden Berk et al. (2001) utilised the whole redshift
range of SDSS quasars. Here the question about redshift
evolution of the quasar spectral shape and its influence on
the redshift measurement accuracy arises. This problem is
hard to study properly because of limitations imposed by
the atmosphere on the observable spectral range. In fact,
each observed quasar spectrum covers only a narrow part of
the Big Blue bump, and hence each piece of the composite
spectrum appears to be compiled from spectra of quasars
with redshifts within some limited redshift range. There-
fore, we can neglect the mean redshift difference between
our samples and the sample of Vanden Berk et al. (2001).
3.3 Algorithm
The redshift measurement algorithm described below
does not compete with specialised SDSS pipelines. It is de-
veloped only to test the difference between templates on ex-
ample of ‘good’ spectra, like those from our test sample, and
1 http://www.sdss.org/dr7/algorithms/redshift type.html
cannot treat properly spectra with low signal-to-noise ratio,
BALs, etc. Before utilisation we interpolated our composite
spectra with spline polynomials, because they have about
two-five times wider wavelength bins (2A˚), depending on
the wavelength (Note, that the Vanden Berk et al. (2001)
template has nonlinear dispersion as single SDSS spectra).
To calculate the redshift with the help of our composites
we were searching for the maximum value of the likelihood
function L ∼ exp (−χ2/2), where
χ2 =
∑
[fobs(λobs)− Afcomp(n, λobs/(1 + z))]σ−2f .
Here fobs and fcomp are the fluxes in the test and template
spectra, σf is the noise of the test spectrum, and free param-
eters are flux normalization factor A, the composite number
n, and the quasar redshift z. After finding the best fit val-
ues of parameters, A and n were fixed and 1σ marginalized
errors of z were calculated.
In the case of the SDSS template we used the same
technique, but with only two free parameters: the flux nor-
malization factor and the redshift.
3.4 Results and discussion
In Fig. 8 (left panel) the difference z1 − z2 is shown as
a function of quasar redshift, where we denote the redshift
measured with our templates as z1 and those measured with
the SDSS template as z2. The middle and right panels of
Fig. 8 present the ratio σz,2/σz,1 of their lower and upper 1σ
uncertainties. One can see, that the redshifts measured with
our templates are systematically higher, than those mea-
sured with the SDSS template, with the mean difference of
0.004. Meanwhile, the both lower and upper 1σ uncertainties
of the redshifts measured with our templates are systemat-
ically smaller. The mean difference of the lower and upper
uncertainties are 0.022 and 0.008, correspondingly. Surely,
the absolute values of the error differences cannot be com-
pared to the redshift errors obtained with the SDSS pipeline,
but their mean ratio (1.6 and 1.4 for lower and upper un-
certainties, correspondingly) claims for possibility to reduce
redshift errors up to 1.5 times when using a set of templates
with different spectral indices instead of one mean template.
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4 APPLICATION FOR F¯ (Z) MEASUREMENT
4.1 General notes
Composite spectra of quasars are also used in Lyα-
forest studies to determine intrinsic shape of quasar spec-
trum within the Lyα-forest region prior to its absorption
by intergalactic neutral Hydrogen. In these studies the Lyα
forest region usually means the wavelength range between
Lyβ and Lyα emission lines (∼ 1025 − 1216 A˚ or more
narrow), where the Lyα-forest is not ‘contaminated’ by
other Ly-series forests. In high-resolution spectra, where it is
easy to find unabsorbed parts of spectrum within the Lyα-
forest this procedure of ‘continuum’ fitting is done directly
with manual selection of such regions in each spectrum.
Here, the term ‘continuum’ is used for the whole intrin-
sic quasar spectrum including quasar emission lines. But
for spectra with medium resolution spectra, like those in
the SDSS, it is difficult to select unabsorbed regions due
to blending of absorption lines. In this case another tech-
niques are applied. They are based on similarity of quasar
spectra, which allows to utilise composite spectra for esti-
mation of the mean transmission at different redshifts. It
was done, e. g. by Bernardi et al. (2003); Desjacques et al.
(2007); Polinovskyi (2010). More complicated, but similar to
this one, method was proposed by McDonald et al. (2006).
Recently, Busca et al. (2012) used the idea of composite
spectra utilisation for continuum fitting (to first approxi-
mation) in study of the Lyα-forest with the first Baryon
Oscillation Spectroscopic Survey (BOSS) data.
The main idea of composite spectra utilisation for Lyα
forest studies is the following. If the data (spectrum) are
given in the form of pixels with (observed) wavelengths la-
belled λi, the flux density value fi and the noise ni, one can
present the observed flux density f ji in i-th pixel within the
Lyα-forest region of j-th quasar as
f ji = A
jC¯(λrest)(1 + δ
j
C,i)F¯ (z)(1 + δ
j
F,i) + n
j
i , (1)
where Aj is the flux normalization constant, the wave-
length λi of the absorption Lyα feature produced by the
‘cloud’ of intergalactic Hi is related to its redshift zi as
λi = 1215.67(1 + zi), C(λ) is the mean ‘continuum’ level
(i. e. the mean intrinsic quasar spectrum), δC are deviations
of individual continuum from the mean one, n is the noise,
F¯ is the mean transmission of intergalactic medium in the
Lyα line for a given redshift, and δF are variance (or fluctu-
ations) of transmitted flux. Different terms of expression (1)
depend on different variables: namely, ‘continuum’ (C+ δC)
is a function of the rest wavelength λrest; mean transmission
F¯ is a function of redshift, δF depends on a line of sight (pre-
sented by a given quasar); and n depends on the instrument
properties and conditions of observation (thus can also be
considered as a function of the observed wavelength λobs).
Hence, the mean arithmetic composite spectrum for a given
subsample with the mean redshift z¯ can be presented as a
product of the mean ‘continuum’ and the mean transmis-
sion:
f(λrest) = C¯(λrest)F¯ (z¯), (2)
because the values 〈δjF,i〉, 〈δjC,i〉 and 〈nji 〉 are equal to
zero when averaging over a large number of quasar spectra
within a given redshift bin (see e. g. Bernardi et al. (2003);
McDonald et al. (2006) for details). Therefore, having sev-
Figure 9. Ratio of the mean flux in each composite spectrum
and composite spectrum with αλ = −0.91 within the wavelength
ranges 1450 − 1470, 1050 − 1100 and 1100− 1150 A˚.
eral composite spectra stacked from subsamples of quasar
spectra with different z and assuming, that the mean quasar
spectrum does not evolve with time, one can determine red-
shift dependence of F¯ .
4.2 Estimation of errors
To estimate the possible errors introduced to estima-
tions of F¯ (z) by neglect of the differences in spectrum shape,
namely of the spectral index, we have calculated the follow-
ing ratio:
η =
〈fi〉q
〈fi〉1 ,
where 〈fi〉 is the mean flux within the given wavelength
range in q-th and first composite spectra. We have chosen
the following wavelength ranges: 1450 − 1470, 1050 − 1100
and 1100 − 1150 A˚. The first range is the one over which
we normalized the spectra (see Sec. 2.3), that is why the
ratio η for it is equal to unity for all spectra. The latter two
ranges are two parts of the Lyα-forest region. In Fig. 4.2
the obtained values of η are shown as function of the spec-
trum number. As one can see from this figure, deviation of
η from unity for spectra with different indices, which has to
cause additional uncertainty in estimation of F¯ , can reach
the value of 20%, if the sample used for stacking compos-
ite contains spectra with indices within the range between
−2.14 and −0.91. Note, that the real distribution of spectral
indices is even wider (see Fig. 2).
5 SEARCHING FOR EMISSION LINES
5.1 General notes
One more opportunity provided by composite spectra
is detection of weak lines, which are not resolved in single
spectra due to low signal-to-noise ratio. We tried to search
for emission lines within some parts of our composite spec-
tra and to compare obtained results with previously known,
firstly, with the most detailed study of quasar composite
spectrum by Vanden Berk et al. (2001). For this purpose
we have chosen two wavelength ranges: ≈ 1050 − 1200 A˚
c© 0000 RAS, MNRAS 000, 1–20
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and ≈ 1210−1450 A˚. The former is the so-called Lyα-forest
region containing three broad emission features identified by
Vanden Berk et al. (2001) as Ari, Feiii and Ciii*, the latter
lies redward of the Lyα emission line, it is free of intergalac-
tic Lyα absorption and contains five broad emission features
associated by Vanden Berk et al. (2001) mainly with Nv,
Siii, Oi+Siii, Cii and Siiv+Oiv]. Due to blending Ciii*, Nv
and Siii features appear to merge into one ≈ 130 A˚-wide
emission feature with the strongest Lyα emission line be-
tween them.
To search for emission lines in these eight spectral
ranges we modelled each one with the sum of continuum
and the smallest possible number of lines in a form of the
Gaussian profile. Due to line blending we modelled some
features together: Nv with Siii and Oi+Siii, Oiv+Caii with
Siiv+Oiv], hence the total number of separate spectrum
parts, which were analysed, is five. The Lyα emission line
has intensity several times higher then that of other fea-
tures, and its profile is asymmetric (even if there was no
blending by other lines) because its blue part is absorbed
by intergalactic Hi. Therefore we have not tried to analyse
the region around its peak, but included it separately into
Ciii* and Nv+Siii features in a form of one additional line,
despite the fact that it also can have a complex structure.
As it was discussed above (see Sec. 1), the quasar con-
tinuum redward of the Lyα emission line is fitted well the
power law. The wavelength range blueward from it is also
considered to be a power law, but much steeper, or even close
to unity (Zheng et al. 1997). One should also keep in mind,
that in both cases the power law is just an approximation of
some smooth curve at limited ranges (indeed a tangent to
a real curve determining UV continuum of quasars). That
is why consideration of such narrow wavelength bins (≈50-
100 A˚ wide) as a constant, wherever it is possible, seems to
be precise enough, when the main goal is detection of lines.
The main difference in modelling of the features blue-
ward and redward of 1216 A˚ is the presence of some ab-
sorption described by F¯ parameter according to (2). Taking
into account the similarity of the mean redshifts for all our
subsamples we can assume F¯ (z) = F¯ ′ to be the same for
each subsample and renormalize (2) as f(λrest) = C¯
′(λrest),
where C¯′ = C¯F¯ ′.
5.2 Spectra modelling
We fitted each of five wavelength regions described
above with the following model:
f(λ) = C +
∑
k
ak exp
[
− (λ− λ
0
k)
2
2w2k
]
. (3)
Here λ is the rest frame wavelength, ak, λk, wk are the am-
plitudes, the central wavelengths and FWHM (up to factor
of
√
2) of each k-th emission feature, and C describes con-
tinuum in a form of (i) constant C = b or (ii) power law
C = dλαλ with fixed αλ from Table 1. The wavelength
ranges along with the type of continuum shape used for
modelling are presented in Table 2. For three first ranges
the wavelength were selected manually for each spectrum
and thus their wavelength ranges slightly differ.
The fitting procedure was conducted in the following
two steps: (a) using the IDL lmfit subroutine for each range
Table 2. The spectral ranges considered in the present study and
the forms of continuum used for their modelling.
n range, A˚ continuum
1 ≈1050–1095 (i)
2 ≈1095–1150 (i)
3 ≈1150–1185 (i)
4 1215–1321 (i)
5 1323–1447 (ii)
from Table 2 the best fit model in a form of (3) with the
smallest possible number of Gaussians was found; (b) the
central wavelengths λ0 obtained at the first step were fixed
and the best fit values of other parameters {b/d, ak, wk} with
the 1σ marginalized errors were calculated by the Markov
Chain Monte Carlo (MCMC) method using CosmoMC pack-
age as a generic sampler (with the values of {b/d, ak, wk} ob-
tained previously as starting values). The MCMC technique
has been chosen as it is fast and accurate method of explo-
ration of high-dimensional parameter spaces. In each case we
generated 8 chains which have converged to R− 1 < 0.0015.
Due to the small values of amplitudes of all lines com-
pared to the Lyα emission line and larger uncertainty at
Lyα-forest range, the central wavelength of Lyα was deter-
mined only while fitting the 4-th range, and the same value
was used as fixed while fitting the 3-rd range. Note, that we
include the Lyα feature into both wavelength ranges only to
take into account the wings of this feature, the influence of
which we cannot neglect in both cases. Thus the parameters
of this feature obtained from fitting of both regions cannot
be considered as the parameters of the Lyα emission line.
Due to the small values the flux dispersion, σ2f , in com-
posite spectra determined from the covariance matrix to
estimate errors correctly we introduced additional intrin-
sic errors, σint, determined such as the total dispersion,
σ2 = σ2f +σ
2
int, is such resulting the minimal χ
2/d.o.f. to be
1− 0.
5.3 Line identification
The central wavelengths of all the lines found in com-
posite spectra are presented in Tables 4 and 5 for ranges
1-3 and 4-5, correspondingly. Only the lines for which the
parameters were calculated with the help of MCMC method
are presented. The arrows stand for regions for which the fit
failed, ‘tent.’ means tentative identification by eye (which
was not included in fit).
Despite of variance in central wavelengths and the num-
ber of lines in different spectra we tried to systematize them.
In most cases, except the the 3rd and 5th ranges, the lines
seem to be the same in all spectra, but due to the differ-
ence in their FWHM in one spectrum two given lines are
resolved, while in another spectrum they are blended and
appear to be fitted better with one Gaussian. The values in
brackets in Tables 4, 5 mean that such dublets are fitted by
one Gaussian.
For the line identifications we used information from
Table 3, where we listed emission lines found previ-
ously in composite UV spectra of quasars from HST and
FUSE missions by Zheng et al. (1997); Telfer et al. (2002);
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Scott et al. (2004), high-resolution by Brotherton et al.
(1994); Laor et al. (1994, 1995, 1997); Vestergaard & Wilkes
(2001); Leighly et al. (2007); Binette & Krongold (2008),
and also in composite spectra of quasars from optical Kast
(Tytler et al. 2004) and SDSS (Vanden Berk et al. 2001)
surveys. The lines which were not identified with known lines
from these papers are labelled with Xk.
5.4 Parameters of lines and continuum
The obtained values of the line parameters along with
their 1σ marginalized errors are presented in Tables 6-21,
the values of constant b for ranges 1–4 and d for range 5 are
presented in Table 22. The spectra along with the best fits
for each range, separate Gaussians and continuum level are
shown in Figures 10-17. In the last column of Tables 6-21 the
lower 3σ marginalized limits a-3σ for the amplitudes of each
line are presented. All these limits are > 0, this allows us to
claim that all the ‘lines’ are really detected in the composite
spectra at least at 3σ confidence level.
5.5 Discussion
As one can see from Table 22 in most cases the values
of continuum parameter b for ranges 1–3 within one spec-
trum vary from one range to another within errors. There-
fore, continuum level within the range between Lyβ and Lyα
emission lines, utilized for studies of the Lyα-forest, can be
considered as a constant rather than having the same power-
law form as that redward from Lyα emission line. This re-
sult agrees well with results from the composite UV spectra
of quasars (Telfer et al. 2002; Zheng et al. 1997), which evi-
dence for much steeper continuum in the Lyα-forest region,
than that from λ > 1216 A˚ range.
The number of emission lines, ‘detected’ in both blue
and red parts of UV bump, is larger than the previously
known one. It means that differentiation of spectra according
to their spectral index makes sense and indeed helps to re-
veal new emission features, which are not seen in composite
spectra compiled neglecting this difference. It is clearly seen
from Fig. 11, 13, 15 and 17 that in some cases the wings of
the emission feature in the 5-th wavelength region are fitted
with one or two very broad but low-amplitude Gaussians.
Most probably these Gaussians are ‘artificial’ and serve as
a fit for superposition of a number of weaker lines. On the
other hand, in the continuum level in case of first three wave-
length regions the continuum level varies from one range to
another, thus the values of sigma parameter, which is pro-
portional to FWHM, cannot be considered as the ‘true’ val-
ues and used for further analysis, e.g˙. for studies of FWHM
variations with the spectral index. The values of Lyα-line
parameters from both red and blue parts are presented only
for information about fits in general and cannot be compared
or considered as the true Lyα line parameters.
6 CONCLUSIONS
We compiled 16 composite spectra from subsamples of
individual SDSS DR7 quasar spectra with different spec-
tral indices αλ within the wavelength range 1270–1480 A˚
and studied the possible effects caused by neglect of this
discretization when using composite spectra of quasars in
different fields. The main results of the present work are the
following:
(i) the redshifts measured for a test sample of high
signal-to-noise ratio quasar spectra using these composites
as templates appear to be systematically higher than those
calculated with a traditional template, compiled from spec-
tra with different αλ, with 1.5 times smaller errors in the
former case;
(ii) the difference in αλ in individual spectra used for
compilation of composites can yield the mean transmission
uncertainty up to 20%;
(iii) a number of emission lines indistinguishable in ordi-
nary composites, but seen in individual high-resolution spec-
tra, can be detected in such composites;
(iv) it is confirmed that continuum level within the
range between Lyβ and Lyα emission lines, utilized for
studies of the Lyα-forest, can be considered as a constant
rather than having the same power-law form as that red-
ward from Lyα emission line, that agrees well with steeper
continuum index obtained from the composite UV quasar
spectra (Telfer et al. 2002; Zheng et al. 1997), and was dis-
cussed previously (Desjacques et al. 2007);
(v) it is also shown, that there is no dependence of
αλ on quasar luminosity in SDSS u, g, r and i bands, and
monochromatic luminosity At 1450 A˚. It confirms results of
Yip et al. (2004) and Vanden Berk et al. (2004), who found
no relation between luminosity and spectral index, when
analysing composite spectra with different luminosity.
Detailed analysis in our previous study of the ranges
redward of the Lyα emission lines, which is free from the
Lyα-forest, shown that there is also no evidence for spec-
tral index dependence of equivalent width of emission lines
(Torbaniuk et al. 2012). The absence of dependence of the
UV-bump shape on luminosity in the bands mentioned
above requires further study of this region for understanding
the physics behind the difference in the UV-bump shape in
spectra of different quasars. It is worth to note, that the ab-
solute magnitudes in given bands used as a characteristic of
luminosity include K-correction, which itself is determined
within the frame of some model of the spectrum general
shape (e. g. with the spectral index of αλ = −1.5).
The proposed approach can be applied for generation
of new templates for more precise quasar redshift measure-
ments with the common cross-correlation technique used in
redshift surveys, more precise theoretical determination of
K-correction and colour-indices, as far as for determination
of continuum and mean transmission in Lyα forest studies.
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Table 3. Emission lines with their measured rest-frame wavelengths from individual and composite quasar spectra within the range ∼ 1050 − 1340 A˚ from
previous studies. Asterisk indicates more than one allowed value of the total angular momentum J for that specific term and transition, bracket means
intercombination transitions.
line Siv Ari+Nii Siiii* Feiii Ciii* Siii Siiii Ly α O v N v Si ii∗ Si ii
λlab, A˚ 1066.66+ 1111.59 1175.67 1194.12 1215.67 1218.3 1238.8+ 1248.4+ 1260.4+
+1085.12 +1242 +1251.1 +1264.7+
+1265.0
Francis et al. (1991) 1216 1240
Brotherton et al. (1994) 1217.2 1241.8
Laor et al. (1994) 1215.67 1238.82+
+1242.8
Laor et al. (1995) 1215.67 1240.15 1263.31
Laor et al. (1997) 1214.2 1236.7+ 1249.5 1260.5+
1214.2 +1239.1 1249.5 +1264.5
Zheng et al. (1997) tent.
Vanden Berk et al. (2001) 1065.10 1117.26 1175.35 1216.25 1239.85 1265.22
Brotherton et al. (2001) 1216 1240
Vestergaard & Wilkes (2001) 1210.8+ 1219.0 1238.8 1249.7 1257.2+
+1214.4+ 1242.8 1250.7 +1260.7+
+1216.9 +1265.2
Telfer et al. (2002) 1065 1123 1176 1195
Scott et al. (2004) 1062+ 1084
+1073
Tytler et al. (2004) 1070.95 1123.3 1175.88
Leighly et al. (2007) 1084.2 1110.5 1175.4 1193.6
Binette & Krongold (2008) 1067 1084 1123 1176 1194 1207
line Si iii∗ O i+Si ii C ii Ca ii O iv Fe v Fe iii Fe v O i Si iv+O iv]
λlab, A˚ 1295.5+1298.9 1302.2+1304.6+ 1335.3 1342.3 1343.5 1343.1 1343.2 1345.6 1355.6 1395.5+1399.8+
+1306.0+1309.3 +1401.8+1407.4
Francis et al. (1991) 1302 1335 1400
Brotherton et al. (1994) 1305.5+1306.3 1338.5+1339.8 1399.2+1401.8
Laor et al. (1994) 1303.49 1335.3 1399.61
Laor et al. (1995) 1396.75+1402.46
Laor et al. (1997) 1302.6+1305.5+ 1334.3 1392.1+1400.6
+1309.2
Zheng et al. (1997)
Vanden Berk et al. (2001) 1305.42 1336.6 1348.33
Brotherton et al. (2001) 1302 1335 1400
Vestergaard & Wilkes (2001) 1293.9+1296.5 1299.0+1302.1+ 1330.8+1334.0 1343.9 1343.9 1343.9 1343.9 1343.9 1343.9 1387.4+1392.2+
+1305.5+1309.3 +1397.5+1401.2
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Table 4. Emission lines detected in spectra within ranges 1-3. Lines in brackets are dublets. Arrows stand for failed fit.
1 2 3 4 5 6 7
X1 X2+Ari+X3 Nii+X4 X5+X6 FeIII-multiplet X7 X8+Ciii
∗+X9 X10+Lyα
1 tent. 1058.4+[1071.8] 1084.9 1096.3 1111.8+1125.2 1161.6+1173.9+1182.1 1214.4
2 tent. 1059.6+[1072.4] 1084.6 1096.4 1111.5+1123.3 tent. 1161.8+1174.8+1182.4 1214.3
3 tent. 1059.5+[1073.9] 1086.1 1096.9 1118.3+1125.7+1134.4 tent. 1161.4+[1176.5] 1214.3
4 tent. 1059.5+[1071.0] 1089.3 tent. 1117.0+1126.2+1136.5 tent. tent.+1175.2+1185.3 1214.8
5 tent. tent.+ [1070.7] 1087.6 1115.2+1124.4+1136.2 1152.3 1171.9 1214.3
6 → → → 1100.9 1116.9+1125.0+1132.4 tent. tent.+[1174.2] 1214.2
7 → 1061.6+[1071.1] 1079.3+1091.0 1108.4+1116.6+1127.0+1143.9 tent.+[1172.1] 1213.2
8 → 1060.3+[1071.3] 1080.8 1098.5 1111.5+1125.4+1141.0 tent. 1172.5 1213.8
9 → tent.+[1070.2] 1086.0 1099.6 1122.6 tent. 1172.6 1213.4
10 → 1056.3+[1071.7] 1086.8 1099.6 1117.3+1127.4+1141.7 tent. 1163.7+[1174.2] 1213.8
11 → 1058.1+[1070.4] 1079.9 1106.7+1115.7+ 1125.6 tent. [1168.5]+1174.9 1213.7
12 → [1063.0]+1074.1 1084.0 1115.5+1123.8+1129.0 tent.+1172.9+1178.5 1214.5
13 → [1063.8]+1072.6 1082.0+1087.5 1103.3 1111.9+1124.3+1135.9 1153.9 1164.1+[1172.7] 1214.5
14 → → → 1101.6 1116.2+1126.2+1135.5 tent. 1172.0 1214.4
15 1055.8 [1066.6]+1072.5 1083.2 tent 1108.3+1117.3+1125.5+tent. ← ← ←
16 1052.4 1060.6+[1071.4] 1083.1 tent. 1111.3+1123.7+1140.1 1155.5 1165.7+[1174.3] 1214.1
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Table 5. Emission lines detected in spectra within ranges 4-5. Arrows stand for failed fit.
1 2 3 4 5 6
Lyα+Oiv Nv Siii∗+Siii Siiii∗+Oi+Siii Cii+Oiv+Caii Siiv+Oiv]
1 1214.4+1225.6 1236.9 1256.7 1290.4+1304.4 1334.5+1346.7 1368.2+1382.5+1390.4+1399.8+1418.7+1436.3
2 1214.3+1225.4 1236.5 1256.7 1290.4+1304.5 1335.0+1344.8 1364.9+1382.3+1390.5+1399.6+1417.7+1430.8
3 1214.3+1225.0 1236.1 1256.7 1289.7+1304.1 1334.9+1343.2 1364.4+1380.1+1390.3+1399.3+1418.7+1431.4
4 1214.8+1226.4 1236.4 1257.0 1290.6+1304.2 1334.7+1341.4 1364.8+1376.9+1386.5+1392.0+1399.0+1412.3+1419.6+1439.5
5 1214.3+1225.3 1236.0 1256.7 1291.4+1304.5 1335.8 1370.5+1396.5+1401.7+1410.9+1422.4+1436.4
6 1214.2+1224.3 1234.8 1256.5 1290.1+1304.4 1334.6+1348.5 1361.4+1382.1+1389.8+1399.3+1407.4+1435.4
7 1213.2+1221.6 1236.1 1253.4 1300.4+1305.2 1334.9 1362.6+1394.5+1396.5+1418.9
8 1213.8+1223.7 1235.9 1255.7 1285.7+1303.6 1334.2+1344.1 1363.0+1382.0+1390.3+1399.6+1413.3+1430.7+1438.6
9 1213.4+1223.4 1236.3 1255.6 1286.6+1303.6 ← ←
10 1213.8+1223.9 1235.5 1252.7 1288.6+1304.6 ← ←
11 1213.7+1223.4 1236.2 1252.3 1288.4+1304.0 1334.0+1342.3 1376.2+1395.6+1401.5+1408.7+1421.0+1436.6
12 1214.5+1225.7 1235.1 1256.0 1281.9+1301.6+1304.9 1334.8+1345.1 1385.1+1393.9+1401.0+1407.8+1423.3+1438.5
13 1214.5+1225.8 1237.4 1250.8+1258.4 1276.7+1304.5 1333.9+1336.0 1376.0+1397.9+1419.3+1429.8
14 1214.4+1225.0 1235.1 1255.7 1286.2+1304.0 1335.3 1388.8+1398.5+1422.1
15 1213.7+1223.2 1235.5 1256.1 1283.7+1303.2 1335.8 1396.8+1397.3
16 1214.1+1224.1 1235.6 1252.4 1285.6+1302.2 1333.7+1343.7 1371.8+1397.4+1416.8+1425.7
c©
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Table 6. Parameters of emission lines
for spectrum 1 with αλ = −0.91.
λ0, A˚ a w, A˚ a-3σ
1058.4 0.139
+0.015
−0.027
5.81
+0.40
−0.74
0.105
1071.8 0.191
+0.009
−0.017
6.76
+0.41
−0.73
0.169
1084.9 0.094
+0.014
−0.025
3.92
+0.50
−0.88
0.063
1096.3 0.025
+0.005
−0.010
1.40
+0.43
−0.72
0.012
1111.8 0.047
+0.003
−0.006
5.41
+0.40
−0.72
0.038
1125.2 0.091
+0.003
−0.005
7.82
+0.37
−0.67
0.084
1161.6 0.046
+0.007
−0.013
3.39
+0.67
−1.13
0.029
1173.9 0.088+0.006
−0.010
5.21+0.44
−0.81
0.075
1182.1 0.031
+0.008
−0.016
1.78
+0.56
−1.13
0.012
1214.1 1.111+0.025
−0.047
17.33+0.27
−0.53
1.051
1214.1 2.831
+0.007
−0.014
5.61
+0.02
−0.04
2.813
1225.6 0.809
+0.010
−0.019
5.18
+0.05
−0.09
0.784
1236.9 1.172
+0.005
−0.011
7.12
+0.04
−0.07
1.158
1256.7 0.404
+0.006
−0.011
11.21
+0.18
−0.35
0.390
1290.4 0.048
+0.005
−0.009
4.07
+0.39
−0.72
0.036
1304.4 0.194
+0.005
−0.010
6.78
+0.23
−0.44
0.181
1334.5 0.118
+0.003
−0.005
6.45
+0.14
−0.27
0.112
1346.7 0.035
+0.001
−0.002
5.04
+0.23
−0.44
0.032
1368.2 0.077
+0.003
−0.005
9.136
+0.34
−0.64
0.071
1382.5 0.112
+0.002
−0.005
5.96
+0.09
−0.18
0.106
1390.4 0.115
+0.002
−0.004
4.77
+0.10
−0.19
0.110
1399.8 0.326
+0.003
−0.006
7.49
+0.06
−0.11
0.318
1418.7 0.080
+0.002
−0.004
7.67
+0.16
−0.30
0.075
1436.3 0.043
+0.003
−0.005
7.11
+0.34
−0.65
0.036
Table 7. Parameters of emission lines
for spectrum 2 with αλ = −0.97.
λ0, A˚ a w, A˚ a-3σ
1059.6 0.154
+0.013
−0.024
5.68
+0.40
−0.71
0.125
1072.4 0.197
+0.007
−0.013
5.53
+0.20
−0.36
0.180
1084.6 0.106
+0.013
−0.022
4.45
+0.49
−0.85
0.078
1096.4 0.017
+0.004
−0.008
1.99
+0.56
−1.25
0.006
1111.5 0.030
+0.003
−0.006
3.10
+0.30
−0.56
0.022
1123.3 0.096
+0.003
−0.006
9.38
+0.47
−0.84
0.089
1161.8 0.057
+0.014
−0.020
4.14
+1.09
−1.60
0.033
1174.8 0.104+0.008
−0.014
4.90+0.36
−0.70
0.088
1182.4 0.035
+0.006
−0.014
2.19
+0.38
−0.73
0.018
1214.3 1.112+0.024
−0.046
17.08+0.37
−0.64
1.053
1214.3 2.715
+0.007
−0.014
5.58
+0.02
−0.05
2.696
1225.4 0.768
+0.010
−0.019
5.06
+0.05
−0.09
0.742
1236.5 1.186
+0.005
−0.010
7.33
+0.04
−0.07
1.172
1256.7 0.403
+0.006
−0.011
11.18
+0.18
−0.36
0.389
1290.4 0.043
+0.005
−0.009
4.29
+0.47
−0.87
0.031
1304.5 0.185
+0.005
−0.011
6.79
+0.24
−0.45
0.171
1335.0 0.100
+0.002
−0.003
5.46
+0.13
−0.23
0.096
1344.8 0.026
+0.001
−0.002
4.75
+0.34
−0.58
0.023
1364.9 0.048
+0.002
−0.004
6.76
+0.26
−0.49
0.043
1382.3 0.127
+0.002
−0.003
7.57
+0.10
−0.19
0.123
1390.5 0.067
+0.002
−0.004
4.13
+0.10
−0.19
0.062
1399.6 0.304
+0.002
−0.004
7.89
+0.06
−0.11
0.300
1417.7 0.0516
+0.001
−0.002
5.64
+0.17
−0.32
0.049
1430.8 0.0326
+0.002
−0.004
8.18
+0.43
−0.81
0.028
Table 8. Parameters of emission lines
for spectrum 3 with αλ = −1.02.
λ0, A˚ a w, A˚ a-3σ
1059.5 0.166
+0.007
−0.013
6.94
+0.31
−0.56
0.149
1073.9 0.191
+0.008
−0.015
5.79
+0.15
−0.29
0.171
1086.1 0.084
+0.007
−0.013
3.37
+0.21
−0.41
0.067
1096.9 0.028
+0.007
−0.013
3.05
+0.88
−1.43
0.012
1118.3 0.068
+0.003
−0.006
8.23
+0.32
−0.61
0.060
1125.7 0.029
+0.003
−0.008
2.59
+0.27
−0.56
0.017
1134.4 0.031
+0.002
−0.004
4.12
+0.48
−0.89
0.025
1161.4 0.030+0.008
−0.017
2.45+0.67
−1.26
0.007
1176.5 0.101
+0.011
−0.020
7.60
+0.62
−1.19
0.074
1214.3 1.142+0.040
−0.078
16.08+0.29
−0.55
1.040
1214.3 2.544
+0.008
−0.015
5.62
+0.03
−0.06
2.524
1225.0 0.713
+0.011
−0.021
4.96
+0.05
−0.10
0.685
1236.1 1.177
+0.005
−0.010
7.55
+0.04
−0.07
1.164
1256.7 0.404
+0.006
−0.012
11.63
+0.20
−0.39
0.388
1289.7 0.044
+0.005
−0.009
4.13
+0.43
−0.78
0.032
1304.1 0.181
+0.006
−0.012
7.24
+0.29
−0.54
0.166
1334.9 0.083
+0.002
−0.004
5.75
+0.24
−0.47
0.078
1343.2 0.028
+0.004
−0.005
8.83
+1.72
−3.02
0.022
1364.4 0.038
+0.003
−0.007
6.18
+0.51
−0.88
0.029
1380.1 0.104
+0.006
−0.011
7.91
+0.37
−0.64
0.088
1390.3 0.066
+0.005
−0.010
5.37
+0.32
−0.55
0.052
1399.3 0.290
+0.006
−0.011
8.57
+0.12
−0.24
0.275
1418.7 0.050
+0.002
−0.004
6.06
+0.31
−0.55
0.045
1431.4 0.030
+0.005
−0.008
7.82
+1.35
−2.15
0.020
Table 9. Parameters of emission lines
for spectrum 4 with αλ = −1.04.
λ0, A˚ a w, A˚ a-3σ
1059.5 0.099
+0.008
−0.014
2.43
+0.16
−0.31
0.081
1071.0 0.239
+0.014
−0.027
9.54
+0.33
−0.64
0.204
1089.3 0.054
+0.011
−0.021
4.06
+0.60
−1.10
0.027
1117.0 0.124
+0.005
−0.010
8.32
+0.26
−0.52
0.111
1126.2 0.055
+0.003
−0.005
3.54
+0.16
−0.31
0.048
1136.5 0.085
+0.004
−0.008
4.69
+0.20
−0.39
0.074
1175.2 0.093
+0.007
−0.013
6.04
+0.58
−0.99
0.076
1185.3 0.026
+0.007
−0.015
1.58
+0.78
−1.36
0.007
1214.8 1.236
+0.042
−0.076
16.07
+0.29
−0.72
1.140
1214.8 2.465
+0.008
−0.014
6.14
+0.03
−0.06
2.446
1226.4 0.554
+0.010
−0.020
4.74
+0.06
−0.11
0.528
1236.4 1.142
+0.005
−0.010
7.62
+0.04
−0.07
1.129
1257.0 0.405
+0.006
−0.012
11.54
+0.21
−0.39
0.389
1290.6 0.038
+0.005
−0.009
3.94
+0.44
−0.83
0.026
1304.2 0.173
+0.006
−0.011
7.28
+0.32
−0.58
0.159
1334.7 0.077
+0.001
−0.003
5.50
+0.11
−0.21
0.074
1341.4 0.026
+0.001
−0.002
4.28
+0.23
−0.43
0.024
1364.8 0.041
+0.002
−0.003
8.91
+0.35
−0.63
0.037
1376.9 0.065+0.002
−0.003
5.77+0.17
−0.31
0.061
1386.5 0.114
+0.003
−0.006
4.95
+0.09
−0.16
0.106
1392.0 0.028
+0.002
−0.004
2.82
+0.16
−0.24
0.024
1399.0 0.297
+0.001
−0.002
7.31
+0.08
−0.17
0.294
1412.3 0.024
+0.002
−0.004
3.71
+0.26
−0.51
0.019
1419.6 0.054
+0.001
−0.003
8.73
+0.20
−0.37
0.050
1439.5 0.006
+0.001
−0.002
2.37
+0.53
−0.91
0.004
Table 10. Parameters of emission lines
for spectrum 5 with αλ = −1.19.
λ0, A˚ a w, A˚ a-3σ
1070.7 0.221
+0.004
−0.007
8.60
+0.22
−0.41
0.213
1087.6 0.055
+0.004
−0.009
3.91
+0.32
−0.62
0.043
1115.2 0.043
+0.004
−0.007
2.10
+0.18
−0.35
0.033
1124.4 0.101
+0.004
−0.006
8.28
+0.60
−1.08
0.094
1136.2 0.028
+0.004
−0.007
2.17
+0.25
−0.48
0.018
1152.3 0.039
+0.006
−0.012
3.25
+0.54
−1.01
0.024
1171.9 0.108
+0.007
−0.013
7.94
+0.39
−0.76
0.091
1214.3 1.123
+0.023
−0.045
17.52
+0.19
−0.37
1.063
1214.3 2.819
+0.007
−0.013
5.67
+0.02
−0.04
2.802
1225.3 0.676
+0.009
−0.018
4.78
+0.04
−0.08
0.652
1236.0 1.203
+0.005
−0.009
7.80
+0.03
−0.07
1.191
1256.7 0.405
+0.006
−0.011
11.49
+0.17
−0.33
0.391
1291.4 0.041
+0.004
−0.008
5.51
+0.71
−1.20
0.031
1304.5 0.171
+0.005
−0.009
6.77
+0.28
−0.51
0.159
1335.8 0.091
+0.001
−0.003
6.54
+0.10
−0.20
0.088
1370.5 0.061
+0.001
−0.003
11.17
+0.19
−0.37
0.057
1396.5 0.310
+0.001
−0.003
10.45
+0.04
−0.07
0.307
1401.7 0.023
+0.001
−0.002
2.76
+0.15
−0.30
0.020
1410.9 0.019+0.002
−0.003
4.11+0.30
−0.59
0.015
1422.4 0.043
+0.001
−0.003
5.33
+0.13
−0.24
0.040
1436.2 0.021
+0.002
−0.003
7.23
+0.57
−0.99
0.017
Table 11. Parameters of emission lines
for spectrum 6 with αλ = −1.35.
λ0, A˚ a w, A˚ a-3σ
1100.9 0.023
+0.003
−0.005
1.66
+0.22
−0.38
0.017
1116.9 0.118
+0.002
−0.004
5.08
+0.13
−0.24
0.113
1125.0 0.040
+0.003
−0.007
2.57
+0.13
−0.25
0.030
1132.4 0.074
+0.002
−0.005
4.69
+0.23
−0.43
0.068
1174.2 0.076
+0.008
−0.014
4.71
+0.56
−0.99
0.057
1214.2 1.122
+0.032
−0.059
17.05
+0.25
−0.49
1.047
1214.2 2.920
+0.007
−0.014
5.54
+0.03
−0.05
2.902
1224.3 0.586
+0.011
−0.022
4.55
+0.05
−0.10
0.557
1234.8 1.298
+0.005
−0.010
8.16
+0.03
−0.066
1.284
1256.5 0.404
+0.005
−0.011
11.42
+0.18
−0.37
0.390
1290.1 0.046
+0.004
−0.008
7.03
+0.86
−1.52
0.036
1304.4 0.181
+0.006
−0.012
6.25
+0.21
−0.40
0.164
1334.6 0.106
+0.004
−0.007
6.20
+0.24
−0.42
0.097
1348.5 0.033
+0.002
−0.004
4.86
+0.35
−0.65
0.028
1361.4 0.041
+0.004
−0.008
5.01
+0.47
−0.87
0.032
1382.1 0.131
+0.005
−0.008
9.95
+0.26
−0.50
0.120
1389.8 0.081
+0.004
−0.009
4.37
+0.13
−0.24
0.069
1399.3 0.196
+0.004
−0.008
6.13
+0.14
−0.27
0.186
1407.4 0.125+0.005
−0.010
12.27+0.33
−0.60
0.111
1435.4 0.030
+0.004
−0.007
10.77
+1.19
−2.08
0.021
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Table 12. Parameters of emission lines
for spectrum 7 with αλ = −1.42.
λ0, A˚ a w, A˚ a-3σ
1061.6 0.211
+0.008
−0.014
7.71
+0.41
−0.75
0.194
1071.1 0.056
+0.010
−0.020
2.36
+0.28
−0.59
0.029
1079.3 0.137
+0.007
−0.013
6.00
+0.45
−0.80
0.120
1091.0 0.052
+0.009
−0.017
3.33
+0.60
−1.07
0.030
1108.4 0.055
+0.014
−0.025
3.63
+0.98
−1.49
0.024
1116.6 0.093
+0.007
−0.014
3.81
+0.35
−0.61
0.075
1127.0 0.126
+0.013
−0.022
4.06
+0.43
−0.72
0.098
1143.9 0.051
+0.013
−0.021
4.07
+1.08
−1.83
0.025
1172.1 0.086
+0.009
−0.017
5.52
+0.54
−0.99
0.064
1213.2 1.166
+0.026
−0.049
16.18
+0.18
−0.36
1.106
1213.2 2.723
+0.015
−0.028
4.95
+0.05
−0.09
2.687
1221.6 1.319
+0.020
−0.038
6.40
+0.08
−0.14
1.270
1236.1 1.115
+0.007
−0.014
7.11
+0.05
−0.10
1.096
1253.4 0.498+0.025
−0.042
14.37+0.34
−0.71
0.447
1300.4 0.136
+0.044
−0.028
12.37
+1.76
−3.03
0.098
1305.2 0.092
+0.012
−0.022
5.80
+0.64
−1.19
0.062
1334.9 0.094
+0.004
−0.007
7.24
+0.27
−0.51
0.085
1362.6 0.008
+0.002
−0.004
3.26
+1.02
−1.71
0.003
1394.5 0.118
+0.006
−0.013
27.91
+1.06
−2.08
0.102
1396.5 0.227
+0.004
−0.009
9.12
+0.12
−0.24
0.216
1418.9 0.006
+0.002
−0.003
12.28
+8.38
−8.97
0.002
Table 13. Parameters of emission lines
for spectrum 8 with αλ = −1.42.
λ0, A˚ a w, A˚ a-3σ
1060.3 0.201
+0.017
−0.032
5.44
+0.48
−0.87
0.161
1071.3 0.126
+0.013
−0.030
3.38
+0.29
−0.62
0.077
1080.8 0.091
+0.022
−0.038
7.69
+1.31
−2.66
0.045
1098.5 0.087
+0.011
−0.019
3.90
+0.39
−0.71
0.063
1111.5 0.109
+0.010
−0.017
4.98
+0.19
−0.35
0.088
1125.4 0.152
+0.012
−0.021
6.61
+0.24
−0.44
0.126
1141.0 0.085
+0.011
−0.018
3.90
+0.33
−0.60
0.062
1172.5 0.112
+0.006
−0.012
7.71
+0.51
−0.93
0.097
1213.8 1.249
+0.028
−0.055
16.42
+0.18
−0.36
1.178
1213.8 3.121
+0.008
−0.016
5.07
+0.02
−0.04
3.099
1223.8 0.980
+0.012
−0.023
5.00
+0.04
−0.08
0.949
1235.9 1.317
+0.006
−0.012
7.42
+0.04
−0.07
1.301
1255.7 0.438
+0.007
−0.013
12.02
+0.25
−0.52
0.421
1285.7 0.039+0.004
−0.009
7.23+1.16
−1.87
0.028
1303.6 0.173
+0.007
−0.015
7.30
+0.31
−0.59
0.153
1334.2 0.073
+0.002
−0.004
4.94
+0.11
−0.20
0.068
1344.1 0.023
+0.001
−0.002
7.01
+0.90
−1.51
0.021
1363.0 0.028
+0.002
−0.003
6.20
+0.56
−1.00
0.024
1382.0 0.110
+0.002
−0.003
8.35
+0.21
−0.37
0.105
1390.3 0.125
+0.002
−0.004
4.67
+0.07
−0.13
0.116
1399.6 0.261
+0.002
−0.004
5.89
+0.04
−0.07
0.256
1413.3 0.082
+0.001
−0.003
8.03
+0.16
−0.30
0.078
1430.7 0.010
+0.001
−0.003
2.43
+0.27
−0.55
0.008
1438.6 0.008
+0.001
−0.002
3.23
+0.72
−1.26
0.005
Table 14. Parameters of emission lines
for spectrum 9 with αλ = −1.62.
λ0, A˚ a w, A˚ a-3σ
1070.2 0.226
+0.003
−0.005
9.92
+0.24
−0.44
0.219
1086.0 0.034
+0.003
−0.007
1.92
+0.25
−0.46
0.025
1099.6 0.077
+0.007
−0.015
9.44
+0.68
−1.19
0.058
1122.6 0.169
+0.011
−0.022
10.38
+0.39
−0.76
0.139
1172.6 0.095
+0.009
−0.017
4.95
+0.43
−0.80
0.073
1213.4 1.084
+0.024
−0.045
17.44
+0.23
−0.44
1.026
1213.4 2.702
+0.009
−0.017
5.42
+0.03
−0.06
2.680
1223.4 1.045
+0.012
−0.024
6.05
+0.06
−0.11
1.013
1236.3 1.177
+0.006
−0.013
7.49
+0.04
−0.07
1.161
1255.6 0.444
+0.007
−0.014
12.46
+0.23
−0.45
0.426
1286.6 0.044
+0.004
−0.007
6.36
+0.64
−1.15
0.034
1303.6 0.175
+0.007
−0.014
7.75
+0.32
−0.60
0.158
Table 15. Parameters of emission lines
for spectrum 10 with αλ = −1.64.
λ0, A˚ a w, A˚ a-3σ
1056.3 0.180
+0.009
−0.016
3.37
+0.17
−0.30
0.161
1071.7 0.222
+0.009
−0.016
8.10
+0.29
−0.56
0.203
1086.8 0.054
+0.008
−0.015
3.41
+0.53
−0.94
0.035
1099.6 0.024
+0.005
−0.009
2.30
+0.59
−1.19
0.012
1117.3 0.083
+0.004
−0.008
8.20
+0.50
−0.94
0.073
1127.4 0.036
+0.004
−0.008
2.91
+0.34
−0.61
0.026
1141.7 0.025
+0.005
−0.010
2.49
+0.65
−1.11
0.012
1163.7 0.044
+0.006
−0.013
2.70
+0.44
−0.80
0.028
1174.3 0.090
+0.005
−0.009
5.84
+0.46
−0.81
0.078
1213.8 1.114
+0.020
−0.037
17.88
+0.28
−0.56
1.068
1213.8 2.899
+0.008
−0.016
5.32
+0.02
−0.05
2.878
1223.9 0.903+0.011
−0.022
5.13+0.04
−0.08
0.874
1235.5 1.128
+0.005
−0.010
7.44
+0.05
−0.09
1.115
1252.7 0.483
+0.007
−0.014
14.66
+0.27
−0.51
0.465
1288.6 0.050
+0.004
−0.008
6.39
+0.58
−1.05
0.040
1304.6 0.171
+0.007
−0.014
7.50
+0.33
−0.62
0.153
Table 16. Parameters of emission lines
for spectrum 11 with αλ = −1.73.
λ0, A˚ a w, A˚ a-3σ
1058.1 0.222
+0.004
−0.007
7.34
+0.28
−0.50
0.213
1070.4 0.072
+0.007
−0.014
4.70
+0.22
−0.42
0.051
1079.9 0.145
+0.004
−0.009
8.59
+0.25
−0.49
0.133
1106.7 0.035
+0.006
−0.011
2.60
+0.50
−0.84
0.021
1115.7 0.076
+0.004
−0.008
3.62
+0.22
−0.42
0.065
1125.6 0.128
+0.007
−0.011
7.00
+0.34
−0.62
0.114
1168.5 0.069
+0.007
−0.014
4.83
+0.76
−1.38
0.052
1174.9 0.064
+0.009
−0.017
2.60
+0.31
−0.57
0.040
1213.7 1.212
+0.024
−0.046
17.38
+0.23
−0.45
1.151
1213.7 2.984+0.007
−0.015
5.08+0.03
−0.05
2.964
1223.4 1.110
+0.012
−0.024
5.50
+0.04
−0.09
1.078
1236.2 1.103+0.005
−0.010
7.06+0.05
−0.09
1.089
1252.3 0.495
+0.005
−0.010
14.55
+0.19
−0.39
0.482
1288.4 0.037
+0.004
−0.008
6.26
+0.80
−1.42
0.027
1304.0 0.164
+0.005
−0.010
6.90
+0.25
−0.48
0.151
1334.0 0.065
+0.001
−0.002
4.34
+0.11
−0.21
0.062
1342.3 0.024
+0.001
−0.002
3.56
+0.17
−0.31
0.021
1376.2 0.053
+0.001
−0.002
13.64
+0.37
−0.71
0.050
1395.6 0.271
+0.001
−0.002
9.18
+0.05
−0.09
0.269
1401.5 0.037
+0.001
−0.002
3.01
+0.09
−0.18
0.034
1408.7 0.055
+0.002
−0.003
4.89
+0.12
−0.22
0.051
1421.0 0.059
+0.001
−0.002
7.08
+0.16
−0.29
0.056
1436.6 0.017
+0.001
−0.003
5.45
+0.41
−0.78
0.013
Table 17. Parameters of emission lines
for spectrum 12 with αλ = −1.88.
λ0, A˚ a w, A˚ a-3σ
1063.0 0.249
+0.014
−0.025
7.30
+0.52
−0.98
0.218
1074.1 0.082
+0.014
−0.025
2.76
+0.29
−0.57
0.051
1084.0 0.157
+0.014
−0.023
6.56
+0.57
−1.04
0.128
1115.5 0.108
+0.005
−0.009
6.05
+0.42
−0.73
0.097
1123.8 0.036
+0.008
−0.019
2.55
+0.33
−0.74
0.012
1129.0 0.038
+0.005
−0.009
4.53
+0.83
−1.43
0.027
1172.9 0.079
+0.009
−0.014
4.36
+0.67
−1.13
0.061
1178.5 0.032
+0.008
−0.015
1.89
+0.38
−0.81
0.012
1214.5 1.185
+0.019
−0.036
17.34
+0.26
−0.49
1.139
1214.5 3.251+0.015
−0.025
5.85+0.03
−0.05
3.219
1225.7 0.478
+0.012
−0.024
3.90
+0.06
−0.12
0.445
1235.1 1.363+0.008
−0.015
8.21+0.04
−0.08
1.344
1256.0 0.460
+0.014
−0.025
12.54
+0.30
−0.67
0.429
1281.9 0.036
+0.006
−0.012
4.55
+1.00
−1.77
0.019
1301.6 0.133
+0.014
−0.032
10.64
+1.08
−1.88
0.088
1304.9 0.063
+0.009
−0.017
4.43
+0.61
−1.11
0.041
1334.8 0.064
+0.001
−0.002
4.74
+0.08
−0.15
0.062
1345.1 0.015
+0.001
−0.001
3.43
+0.20
−0.37
0.014
1385.1 0.087
+0.001
−0.002
16.27
+0.26
−0.49
0.083
1393.9 0.200
+0.001
−0.002
7.60
+0.06
−0.12
0.197
1401.0 0.065
+0.001
−0.002
3.33
+0.06
−0.11
0.062
1407.8 0.101
+0.002
−0.003
6.04
+0.06
−0.12
0.096
1423.3 0.048
+0.001
−0.001
7.55
+0.18
−0.34
0.047
1438.5 0.012
+0.001
−0.002
4.81
+0.36
−0.71
0.010
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Table 18. Parameters of emission lines
for spectrum 13 with αλ = −1.92.
λ0, A˚ a w, A˚ a-3σ
1063.8 0.144
+0.003
−0.006
8.71
+0.52
−1.07
0.136
1072.6 0.093
+0.005
−0.010
2.65
+0.13
−0.26
0.080
1082.0 0.044
+0.005
−0.010
2.07
+0.24
−0.48
0.030
1087.5 0.068
+0.003
−0.006
3.11
+0.22
−0.40
0.059
1103.3 0.037
+0.003
−0.006
2.78
+0.25
−0.46
0.029
1111.9 0.070
+0.003
−0.005
4.08
+0.17
−0.32
0.063
1124.3 0.095
+0.003
−0.005
4.80
+0.13
−0.25
0.089
1135.9 0.023
+0.003
−0.005
2.71
+0.35
−0.63
0.016
1153.9 0.049
+0.004
−0.008
3.87
+0.37
−0.67
0.039
1164.1 0.047
+0.003
−0.007
4.36
+0.28
−0.53
0.038
1172.7 0.125
+0.005
−0.009
5.89
+0.24
−0.45
0.113
1214.5 1.471
+0.020
−0.038
16.84
+0.13
−0.27
1.422
1214.5 3.211
+0.004
−0.008
5.63
+0.01
−0.02
3.200
1225.8 0.865+0.009
−0.018
4.85+0.02
−0.04
0.842
1237.4 1.413
+0.005
−0.010
7.39
+0.05
−0.10
1.399
1250.8 0.104
+0.006
−0.011
3.67
+0.16
−0.31
0.090
1258.4 0.386
+0.005
−0.009
8.54
+0.10
−0.19
0.374
1276.7 0.093
+0.005
−0.009
14.14
+0.78
−1.37
0.082
1304.5 0.145
+0.005
−0.010
6.90
+0.21
−0.42
0.132
1333.9 0.029
+0.004
−0.007
3.92
+0.47
−0.84
0.019
1336.0 0.055
+0.004
−0.008
9.45
+0.80
−1.36
0.044
1376.0 0.069
+0.007
−0.011
18.68
+0.71
−1.34
0.055
1397.9 0.302
+0.002
−0.004
10.62
+0.09
−0.19
0.296
1419.3 0.030
+0.002
−0.004
6.16
+0.47
−0.84
0.025
1429.8 0.046
+0.005
−0.008
10.20
+1.14
−2.0
0.036
Table 19. Parameters of emission lines
for spectrum 14 with αλ = −2.02.
λ0, A˚ a w, A˚ a-3σ
1101.6 0.021
+0.004
−0.008
2.84
+0.67
−1.11
0.011
1116.2 0.074
+0.004
−0.009
4.61
+0.24
−0.46
0.063
1126.2 0.060
+0.004
−0.008
4.05
+0.32
−0.57
0.050
1135.5 0.033
+0.004
−0.009
2.44
+0.39
−0.71
0.021
1164.2 0.031
+0.005
−0.009
2.40
+0.30
−0.58
0.019
1172.0 0.125
+0.003
−0.005
5.42
+0.25
−0.45
0.118
1214.4 1.364
+0.016
−0.031
17.41
+0.14
−0.27
1.325
1214.4 3.299
+0.007
−0.014
5.43
+0.02
−0.04
3.280
1225.0 0.640
+0.010
−0.020
4.20
+0.04
−0.08
0.614
1235.1 1.410
+0.006
−0.012
8.18
+0.04
−0.07
1.394
1255.7 0.470
+0.007
−0.013
12.36
+0.25
−0.59
0.452
1286.2 0.057
+0.004
−0.008
7.66
+0.86
−1.61
0.046
1304.0 0.167
+0.007
−0.018
6.59
+0.29
−0.57
0.139
1335.3 0.045+0.001
−0.003
4.01+0.15
−0.29
0.042
1388.8 0.086
+0.002
−0.004
13.12
+0.17
−0.35
0.081
1398.5 0.227
+0.001
−0.003
9.85
+0.07
−0.14
0.224
1422.1 0.038
+0.001
−0.002
6.73
+0.23
−0.45
0.035
Table 20. Parameters of emission lines
for spectrum 15 with αλ = −2.07.
λ0, A˚ a w, A˚ a-3σ
1055.8 0.165
+0.014
−0.022
17.41
+3.38
−5.31
0.138
1066.6 0.078
+0.006
−0.011
3.88
+0.36
−0.65
0.065
1072.5 0.077
+0.012
−0.021
2.38
+0.29
−0.52
0.051
1083.2 0.066
+0.012
−0.021
3.36
+0.52
−0.96
0.040
1108.3 0.024
+0.004
−0.008
1.88
+0.50
−0.90
0.013
1117.3 0.063
+0.003
−0.006
3.33
+0.20
−0.38
0.055
1125.5 0.063
+0.004
−0.007
4.07
+0.32
−0.56
0.054
1213.7 3.154
+0.007
−0.015
5.06
+0.02
−0.041
3.135
1223.2 1.010
+0.011
−0.021
5.08
+0.04
−0.07
0.982
1235.5 1.364
+0.005
−0.011
8.15
+0.03
−0.07
1.350
1256.1 0.480
+0.007
−0.012
12.34
+0.20
−0.38
0.464
1283.7 0.068
+0.004
−0.008
6.25
+0.44
−0.83
0.058
1303.2 0.171
+0.006
−0.011
7.78
+0.32
−0.60
0.156
1335.8 0.044+0.003
−0.005
4.98+0.44
−0.80
0.037
1396.8 0.138
+0.012
−0.022
17.97
+1.07
−1.84
0.110
1397.3 0.157
+0.014
−0.027
8.27
+0.33
−0.68
0.122
Table 21. Parameters of emission lines
for spectrum 16 with αλ = −2.14.
λ0, A˚ a w, A˚ a-3σ
1052.4 0.136
+0.003
−0.007
3.61
+0.15
−0.28
0.128
1060.6 0.137
+0.005
−0.010
4.15
+0.12
−0.23
0.124
1071.4 0.158
+0.003
−0.005
4.50
+0.10
−0.19
0.151
1083.1 0.073
+0.003
−0.006
4.29
+0.22
−0.42
0.065
1111.3 0.057
+0.003
−0.006
4.42
+0.22
−0.41
0.049
1123.7 0.093
+0.003
−0.006
6.17
+0.20
−0.38
0.084
1140.1 0.027
+0.003
−0.007
2.72
+0.41
−0.74
0.018
1155.5 0.064
+0.007
−0.011
5.71
+0.69
−1.13
0.050
1165.7 0.033
+0.005
−0.010
2.19
+0.26
−0.51
0.021
1174.3 0.114
+0.005
−0.010
6.10
+0.31
−0.60
0.102
1214.1 1.351+0.019
−0.037
17.12+0.20
−0.39
1.303
1214.1 3.092
+0.009
−0.017
5.21
+0.03
−0.05
3.070
1224.1 0.917
+0.014
−0.028
4.83
+0.05
−0.09
0.879
1235.6 1.176
+0.006
−0.012
7.74
+0.06
−0.12
1.160
1252.4 0.516
+0.007
−0.014
15.01
+0.33
−0.67
0.497
1285.6 0.037
+0.005
−0.010
6.83
+1.27
−2.13
0.024
1302.2 0.155
+0.007
−0.015
7.15
+0.39
−0.75
0.134
1333.7 0.046
+0.002
−0.004
5.10
+0.31
−0.57
0.041
1343.7 0.021
+0.003
−0.005
8.66
+1.55
−2.56
0.014
1371.8 0.041
+0.004
−0.006
9.95
+0.46
−0.88
0.033
1397.4 0.300
+0.004
−0.006
10.71
+0.07
−0.14
0.293
1416.8 0.016
+0.002
−0.004
3.99
+0.45
−0.84
0.010
1425.7 0.045
+0.004
−0.006
7.35
+0.57
−1.01
0.038
Table 22. The values of b (or d in case of range 5) characterizing continuum for each
range. Here n is the number of spectrum.
n range 1 range 2 range 3 range 4 range 5
1 0.940+0.011
−0.032 0.953
+0.003
−0.007 0.973
+0.007
−0.018 1.052
+0.005
−0.011 717
+2
−4
2 0.963+0.012
−0.034 0.977
+0.003
−0.007 0.989
+0.015
−0.044 1.067
+0.005
−0.011 1136
+2
−4
3 0.971+0.007
−0.016 0.995
+0.003
−0.008 1.014
+0.010
−0.027 1.068
+0.006
−0.013 1634
+8
−21
4 0.973+0.014
−0.028 0.957
+0.005
−0.009 1.047
+0.007
−0.017 1.084
+0.006
−0.013 1920
+2
−5
5 1.011+0.003
−0.005 1.001
+0.004
−0.010 1.010
+0.006
−0.014 1.102
+0.005
−0.012 5660
+8
−16
6 — 1.000+0.002
−0.006 1.072
+0.008
−0.018 1.113
+0.005
−0.010 17836
+65
−140
7 1.041+0.007
−0.020 1.038
+0.013
−0.043 1.083
+0.011
−0.024 1.113
+0.005
−0.010 29541
+148
−304
8 1.077+0.020
−0.042 1.007
+0.011
−0.025 1.099
+0.005
−0.011 1.123
+0.006
−0.013 30490
+37
−88
9 1.066+0.003
−0.006 1.066
+0.003
−0.006 1.099
+0.012
−0.025 1.128
+0.007
−0.015 —
10 1.071+0.008
−0.018 1.087
+0.005
−0.013 1.089
+0.006
−0.013 1.126
+0.008
−0.016 —
11 1.066+0.004
−0.008 1.075
+0.006
−0.014 1.123
+0.008
−0.017 1.160
+0.004
−0.009 292221
+327
−699
12 1.103+0.015
−0.030 1.124
+0.006
−0.016 1.165
+0.014
−0.031 1.149
+0.013
−0.032 865732
+587
−1183
13 1.142+0.003
−0.006 1.121
+0.002
−0.005 1.119
+0.004
−0.008 1.178
+0.003
−0.007 1136890
+6492
−17148
14 — 1.136+0.003
−0.007 1.149
+0.003
−0.006 1.193
+0.006
−0.012 2452040
+1525
−3088
15 1.143+0.015
−0.052 1.155
+0.004
−0.009 — 1.187
+0.006
−0.012 3499960
+8783
−20747
16 1.147+0.003
−0.005 1.124
+0.003
−0.007 1.123
+0.008
−0.021 1.208
+0.007
−0.014 5788270
+21075
−47788
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Figure 10. Composite spectra 1−4 with αλ (from top to bot-
tom): −0.91, −0.97, −1.02, −1.04 (blue part).
Figure 11. Composite spectra 1−4 with αλ (from top to bot-
tom): −0.91, −0.97, −1.02, −1.04 (red part).
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Figure 12. Composite spectra 5−8 with αλ (from top to bot-
tom): −1.19, −1.35, −1.42, −1.42 (blue part).
Figure 13. Composite spectra 5−8 with αλ (from top to bot-
tom): −1.19, −1.35, −1.42, −1.42 (red part).
c© 0000 RAS, MNRAS 000, 1–20
Composite spectra of quasars with different UV spectral index 19
Figure 14. Composite spectra 9−12 with αλ (from top to bot-
tom): −1.62, −1.64, −1.73, −1.88 (blue part).
Figure 15. Composite spectra 9−12 with αλ (from top to bot-
tom): −1.62, −1.64, −1.73, −1.88 (red part).
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Figure 16. Composite spectra 13−16 with αλ (from top to bot-
tom): −1.92, −2.02, −2.07, −2.14 (blue part).
Figure 17. Composite spectra 13−16 with αλ (from top to bot-
tom): −1.92, −2.02, −2.07, −2.14 (red part).
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